Objective: To compare the immediate postoperative outcomes of patients with benign prostatic hyperplasia undergoing Holmium laser enucleation of the prostate (HOLEP) with and without full anticoagulation or antiplatelet therapy at the time of surgery. Materials and Methods: A retrospective review was performed on a series of consecutive patients undergoing HOLEP at our institution by a single surgeon from February 2004 to September 2010. Demographic, surgical, pathological and outcome data were collected. Two cohorts were identified on the basis of antithrombotic therapy at the time of surgery. Patients who continued on aspirin, aspirin/dipyridamole, clopidogrel and warfarin throughout the surgery were included in the antithrombotic cohort. Univariate analysis was performed to determine differences in outcomes between the 2 cohorts. Results: Total 125 consecutive patients underwent HOLEP with 52 patients on antithrombotic therapy at the time of surgery and 73 patients were not on antithrombotic therapy during surgery. Patients in the antithrombotic group were older (75.1 ±7.5 vs. 71.7 ± 8.3 years; p = 0.02) and had a higher median ASA physical
Introduction
Symptomatic benign prostatic hyperplasia (BPH) is one of the most common disorders seen in urological practice with an incidence of up to 45.3% in men aged 65 and over [1] . Transurethral resection of the prostate (TURP) and open prostatectomy have been the gold standards in surgical therapy for symptomatic BPH. Improvements in technology, training and hospital care have seen a steady decline in the rate of significant morstatus (3 (3-3) vs. 2 (2-3), p < 0.0001). The mean operating time and median specimen volume were not significantly different between the 2 cohorts. The median length of stay (2 (1-3) vs. 1 (1-2) d, p = 0.014) was longer in the antithrombotic cohort. The transfusion rate (7.7 vs. 0%, p = 0.028) was predictably higher in the antithrombotic cohort. No patients required re-operation for bleeding. Conclusions: The use of HOLEP in patients on antithrombotic therapy is safe despite the higher surgical risk profile of that particular patient population and the potential increased risk for significant bleeding. bidity associated with TURP from over 20% 30 years ago to less than 10% in more recent studies [2] [3] [4] . With an ageing population and a high incidence of cardiovascular disease, an increasing number of patients are on antithrombotic therapy [5] . Recent advances in coronary stents have led to a higher proportion of patients on anti-platelet therapy [6] . Cessation of such therapy can lead to stent thrombosis and subsequent acute myocardial infarction with an associated mortality rate of up to 45%. The prevalence of antiplatelet use in urological patients has been identified as a major issue in modern urological surgery [7, 8] . It is generally accepted that TURP is hazardous on antithrombotic agents, necessitating discontinuation of anticoagulation or antiplatelet therapy for a brief duration to facilitate surgery. This invites the risk of potentially catastrophic thromboembolism and also secondary hemorrhage once antithrombotic therapy is recommenced. This is particularly so in high-risk patients such as those with drug-eluting coronary stents, mechanical cardiac valves, recent pulmonary embolism or atrial fibrillation with prior cerebral ischemia. In addition, TURP is also associated with a hypercoagulable state postoperatively, therefore, further increasing the risk of thrombosis in these patients [9] . Currently, treating these high-risk patients with symptomatic BPH refractory to medical therapy remains a great challenge to the urological surgeon.
Holmium laser enucleation of the prostate (HOLEP) has evolved as an alternative to TURP and open prostatectomy in patients with symptomatic BPH. Recent studies have shown that HOLEP is at least as effective at improving obstructive symptoms with shorter hospitalization and catheter time and importantly less blood loss [10] [11] [12] [13] [14] . Two recent studies have supported the safety of HOLEP in anticoagulated patients [15, 16] . We report our experience with a cohort of patients on antithrombotic therapy i.e. anticoagulant or antiplatelet agents (compared to a cohort of non-antithrombotic patients over the same time frame as a comparison) undergoing HOLEP for symptomatic BPH. To our knowledge, this is the one of the largest studies to date on this increasingly relevant topic as the rate of antithrombotic therapy increases in an aging male population who require surgical intervention for unsuccessful medical therapy for BPH.
Materials and Methods
A retrospective review was performed on a series of consecutive patients with symptomatic BPH who underwent HOLEP at our institution from February 2004 to September 2010. All procedures were performed by a single surgeon (T.P.). Demographic, clinical, surgical and outcome data were collected. Demographic data included the patient's age and ASA physical status score. The ASA score was determined by the attending anaesthetist. Clinical data included the indication for surgery, use of antithrombotic therapy before or during surgery as well as the indication and type of antithrombotic therapy used. Preoperative evaluation of patients included a history and examination including a digital rectal examination, and when indicated a prostate-specific antigen level. Preoperative international normalized ratio (INR) of less than 4.0 was required. Surgical data included the operative time as well as the volume of specimen. The operative time included the laser and the morcellation time. Outcome data included length of hospital stay, success of initial trial of void (TOV), need for blood transfusion, and return to theatre. The purpose of this study was to evaluate immediate postoperative outcome with respect to the use of anticoagulation, and therefore long-term outcome data such as international prostate symptom score and Qmax are not reported here.
Two cohorts were identified for comparison. The first cohort represents patients not on antithrombotic therapy at the time of surgery. This included patients naïve to antithrombotic therapy as well as those deemed low risk for thromboembolism, discontinuing therapy prior to surgery. There were also a small number of highrisk patients in this cohort who discontinued oral anticoagulants but were bridged with low molecular weight heparin (LMWH). The LMWH was ceased at least 12 hours prior to surgery allowing for normal coagulation parameters. The second cohort included patients deliberately remaining on oral anticoagulant or antiplatelet agents for the procedure. This mainly consisted of patients at high-risk of thromboembolism. Antithrombotics used by patients in this study included the antiplatelet agents aspirin 100-150 mg daily, clopidogrel 75 mg daily, or dipyridamole 200 mg/aspirin 25 mg twice daily; or the coumarin derivative, warfarin. There were no patients with non-pharmacological bleeding disorders in this series.
HOLEP was performed using a 100W Ho:YAG VersaPulse ® Power Suite TM laser source (Lumenis ® , Santa Clara, California) with a 550 micron SlimLine TM end firing laser fiber. This was delivered via a continuous flow 26 Fr resectoscope sheath with bridge and a 5 Fr ureteric catheter to stabilize the fiber. Saline (0.9%) was used as the irrigation fluid. Morcellation was performed via a rigid nephroscope using a VersaCut TM endoscopic tissue morcellator (Lumenis ® , Yokneam, Israel). A 22 Fr 3-way catheter was inserted after the procedure with or without continuous saline irrigation. Non-anticoagulated patients routinely underwent TOV on the first day postoperatively. A more conservative approach was taken with antithrombotic patients, most undergoing TOV on the second postoperative day.
All data were analyzed using SAS software version 9.1 (SAS Institute Inc., Cary, NC, USA). A comparison between the groups (Antithrombotic vs. Non-antithrombotic) was performed using the student t-test for parametric continuous variables or the Mann-Whitney U test for ordinal variables and chi-square or Fisher's exact test for categorical variables. Continuous variables are reported as mean ± SD and categorical variables as number (percentage) . Ordinal data are reported as median with an inter-quartile range. A two-sided p value of 0.05 was considered statistically significant.
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Result
Total 125 patients underwent HOLEP over the duration of the study, in which 52 patients (41.6%) remained on oral antithrombotic agents for the procedure and 73 patients (58.4%) were not on antithrombotic agents at the time of surgery and constituted the comparison cohort. This included patients who ceased antithrombotic agents for an adequate period of time prior to surgery. The patient and surgical characteristics are given in table 1. The mean age was significantly higher in the antithrombotic cohort, which would be compatible with their poorer health. This was confirmed with the antithrombotic cohort having significantly higher ASA scores. The mean operative time was shorter in the antithrombotic patients, but this result was not statistically significant. There was no significant difference in the volume resected between the 2 cohorts.
Of the 52 patients that remained on antithrombotic agents during the HOLEP, 11 patients were on aspirin, 3 patients on dipyridamole/aspirin, 16 patients on clopidogrel and 22 patients on warfarin. The indications for antithrombotic therapy are summarized in table 2. The mean INR of the warfarinised patients was 2.61 (SD 0.66) at the time of surgery. The INR range was 1.7 to 3.9.
The immediate postoperative data is summarized in table 3. Four patients (7.7%) in the antithrombotic group required blood transfusion postoperatively compared with no patients in the non-antithrombotic cohort (p = 0.028). Antithombotic use and requirement for transfusion data is summarized in table 4. Two patients in the non-anticoagulated cohort required a return to theatre. This was due to a delayed small intraperitoneal bladder perforation 2 days after the surgery from the morcellation-associated injury requiring surgical repair. This was not associated with postoperative bleeding. While there was a trend for the antithrombotic group of patients to be more likely to fail their initial TOV, this failed to reach statistical significance in this study (p = 0.07). All of these patients successfully passed a second TOV within 6 weeks of the operation. It is standard practice to remove the catheter on the second post-operative day in the patients on antithrombotic agents but within 24 hours in the non-antithrombotic cohort. There were no thromboembolic events in this series.
Twenty-five men had greater than 60 g of prostate tissue enucleated which would be a rough estimate of the maximum volume removed during a large TURP. Of these men, 19 had pre-and post-operation hemoglobin values collected as detailed in table 5. In these men, the median Hb drop was 15 g/l (interquartile range (IQR): 6 to 20). One of these men required a blood transfusion post-operatively. He remained on dipyridamole/aspirin peri-operatively and had 127 g of prostate tissue enucleated.
Discussion
The management of antithrombotic patients with symptomatic BPH refractory to medical therapy with alpha antagonists or 5-alpha reductase inhibitors is an increasingly difficult issue. There are effectively 2 categories of oral antithrombotic agents in the general population -the anticoagulant warfarin and antiplatelet agents -and ceasing these agents for safe surgery can be complicated. In the case of warfarin, returning to a normal coagulable state is unpredictable and new guidelines define patients in chronic atrial fibrillation at high risk for stroke [17] who need cover with heparin (usually LMWH) in the peri-operative period. The development of drug-eluting stents for coronary artery disease has introduced this concept of an 'obligatory' period of extremely high risk for thrombosis for ceasing antiplatelet agents which can be up to 12 months [7] .
The correlation between antithrombotic therapy use with age and comorbidity was borne out in our series with the antithrombotic patients being older and having higher ASA physical status scores than the control cohort of non-antithrombotic men. The indications for surgery were similar in both cohorts. As the antithrombotic patients were older and less fit, we expected to see higher rates of urinary retention and hematuria in this cohort although this was not observed in the results and were similar to other studies [13, 15, 16, 18] .
In a courageous attempt to determine if oral anticoagulation could be continued during surgery, Parr et al. [19] performed TURPs on 12 fully anticoagulated patients. The authors experienced troublesome bleeding in 50% of cases requiring immediate reversal of anticoagulation with fresh frozen plasma. Four men (33%) required additional transfusion of red blood cells. Clearly this is not an acceptable result now that safer alternatives are available. Gilling et al. [10] published the first large series of HOLEP in 1996. The authors presented 84 non-anticoagulated patients undergoing the procedure with excellent long-term results that compare well to any TURP series. They noted the procedure was relatively bloodless, a characteristic ideal for later use on anticoagulated patients. Kuntz et al. [11] published a series of 200 non-anticoagulated patients with urodynamically proven Bishop/Liddell/Ischia/Paul/Appu/ Frydenberg/Pham obstruction randomized to TURP or HOLEP. The hemostatic properties of the holmium laser were again noted with a lesser drop in hemoglobin in the HOLEP group (1.3 ± 1.0 vs. 1.8 ± 1.0 g/dl, p = 0.01). There were no transfusions in the HOLEP group and 2 in the TURP group. After 12 months follow-up, HOLEP was superior in reduction of AUA scores and PVR volumes. The increase in Qmax was similar in both groups. A recent meta-analysis has confirmed that HOLEP has at least comparable efficacy to TURP at relieving symptoms due to BPH [18] . A current review article also concludes that HOLEP offers favorable and durable outcomes for any prostate size with low early and late morbidity [20] .
In antithrombotic patients, vaporization of the prostate with KTP laser has been reported with great success [21, 22] . Reich et al. [21] reported a series of 66 patients with an ASA ≥ 3 undergoing KTP prostate vaporization. Sixteen of these patients were on coumarin derivatives and 10 were on platelet inhibitors. None required blood transfusion or reoperation for bleeding. Sandhu et al. [22] similarly reported a series of 26 anticoagulated patients undergoing KTP prostate vaporization. This included 14 patients on aspirin, eight on coumarin derivatives and two on clopidogrel. The patients on coumarin derivatives ceased their medication 2 days prior to surgery and recommenced on the first postoperative day. Again, no patients required blood transfusion or reoperation for bleeding.
In the current study, we report our experience of 52 patients on antithrombotic therapy undergoing HOLEP for symptomatic BPH and compared this to a control cohort of patients who were not on antithrombotic therapy at the time of surgery. Four men (7.7%) in the antithrombotic group required a blood transfusion compared to none in the control group. Of those who required a transfusion, 1 patient was on clopidogrel and received 2 units of packed red blood cells (pRBC), 2 patients were on warfarin (INR 2.9 and 3.9) and received 2 and 4 units of pRBC, respectively, and 1 patient was on the aspirin/ dipyridamole combination and received 2 units pRBC. There were no returns to theatre in the antithrombotic group. To our knowledge, this is the largest study on HOLEP in men on antithrombotic medications. Elzayat et al. [15] reported their experience with HOLEP on 83 men requiring long-term anticoagulation. However, only 14 underwent HOLEP while fully anticoagulated, the remainder withdrew from their medication prior to surgery. The overall transfusion rate in this series was 8.4%. Two of 14 (14.2%) patients who had been fully anticoagulated during surgery required a transfusion. An additional patient on clopidogrel received a platelet transfusion for bleeding. Our transfusion rate of 7.7% in antithrombotic patients compares favourably. Furthermore, the mean INR in the Elzayat study was 2.0 compared with 2.6 in the current study.
In another study, Tyson et al. [16] reported 38 HOLEPs performed on patients on antithrombotic therapy and 25 (66%) of these patients were only on aspirin compared to 11 (21%) in the current study. Today, many urologists are happy to perform TURP with careful attention to hemostasis with patients on aspirin. The current study is unique in that includes a large number of men on dipyridamole/aspirin (3 men), warfarin (22 men) and probably most significantly, clopidogrel (16 men). Tyson et al. [16] reported that none of their 13 patients on warfarin required blood transfusion. However, in their study, the mean INR was 1.5 with only 2 patients having INRs over 2.0 compared to our mean INR of 2.6, which may explain our higher transfusion rate of 7.7%.
The operating times were similar in both groups, with comparable prostate sizes reflected by the specimen volumes. It should be noted that the median prostate volumes enucleated of 23 and 28 g in the control and antithrombotic groups, respectively, appears quite low compared with some contemporary series. However, the upper limit of the interquartile ranges is 48 and 52 g in each group signifying that 25% of the prostates enucleated were larger than these values and highlighting some of the very large prostates that were treated. While one may anticipate HOLEP in the anticoagulated patient to be more technically difficult and time consuming, the excellent hemostatic properties of the holmium laser render little difference in operating difficulty when compared to non-anticoagulated patients. In our experience, the surgeon (T.P.) performed an anatomical enucleation and did not feel he had to adjust his operative approach for anticoagulated patients.
Retrospective analyses are an inferior research tool to a well-constructed randomized trial. After the convincing results of Parr et al. [19] , a trial comparing the gold standard TURP to HOLEP on anticoagulated patients with symptomatic BPH will never be attempted. The current study has demonstrated that HOLEP in high-risk patients on full antithrombotic therapy is safe and the early post-operative results are comparable to non-antithrombotic patients undergoing TURP [2, 11, 13, 18] . As previously mentioned, photoselective vaporization of the prostate with the Greenlight laser is another option for surgically treating men on antithrombotic therapy with symptomatic BPH. Recent reviews have confirmed that photoselective vaporization of the prostate also has excellent hemostatic properties in these patients and the 2 modalities are probably equivalent in smaller prostates (up to 60 g). However, in larger prostates HOLEP is probably superior in safety, efficacy and time efficiency [14, 23] .
Conclusions
The current study demonstrates HOLEP is a safe and effective procedure for fully antithrombotic patients with symptomatic BPH refractory to medical therapy. However, it is worth noting that patients should be taken off antithrombotic therapy whenever possible prior to surgery. With the current increasing number of high-risk men who are on antithrombotic therapy requiring surgical intervention of BPH, HOLEP is one of the best options which the urologic surgeon can offer.
